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Predicting the potential invasive distribution of
Solanum carolinense in China
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Agricultural Sciences, Beijing 100193, China; *School of Agronomy and Plant Protection
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Abstract: [ Background] Solanum carolinense is a notorious weed in America where it is native and other countries in Europe and
Asia where it is introduced. In recent decade, S. carloninense has been declared a harmful quarantine weed in China since it invaded
southern China as its seeds were frequently intercepted from imported commodities. It is necessary to identify areas at risk of an inva-
sion and develop an efficient management strategy. [ Method] GIS and spatial statistics were used to reconstruct worldwide invasion
dynamics and identify its introduction vectors. MaxEnt niche modeling was applied to predict the potential distribution of S. carolin-
ense in China and the model performance was evaluated by Receiver Operator Characteristic (ROC) curve. [ Result] Its historical
introduction from native America to other continents showed that the trade of commodities containing seeds promoted its invasion and
spread across the world. The area under the ROC curve (AUC) was 0.789, which indicated that climatic niche models on the basis
of native data had a highly predictive ability. And thus the modeled climatic niches were projected on to the landscape of the China.
With the exception of Heilongjiang, Jilin, Inner Mongolia, Qinghai, Gansu, Tibet, northwestern parts of Sichuan, most areas in
China were potential areas for S. carolinense invasion. [ Conclusion and significance] High introduction risk with increasing trade
coupled with large potentially available distribution area may lead to increased invasion in the future. An early monitoring and eradi-
cation program should be adopted in the highly vulnerable areas, including coastal harbors, airports, transfer stations and processing
factories of the imported cereal grains or fodder crops, to prevent further invasion and spread.

Key words: Solanum carolinense; potential invasive distribution; invasive plant; ecological niche model

Y75 B HA ( Received ) ; 2015-05-09 3 HHA( Accepted) : 2015-06-21

BEETHE: EFE AR ¥ HE4(31471827,31000883) ; FF 4R A 3 AT b 4 1 (201409061) ; El K A4 ¥ 4% X 38 # (2015BADO8B03) ; 1l &
L FHF"HRTREET

TEEB/N: 5 .7, BIAFE B, BEE T . N A e e =y Sl A 5 B M L E-mail wangrcaas@ 163.com

* 3 WAE # (Author of correspondence) , E-mail; wanfanghao@ caas.cn



$24

T Fi A < AU A g ZE A v [ ) 2 A X

- 107 -

B 4 3k Ak i A 1) R [ o ) AT 5 610 B2 2
i Ui A % SR R AR 3 1 A R A AE W AR (An-
derson et al.,2015) . AW AR E BN 1 TR &
FE T Y B SRR B AR e Al R 2 A
ERBFPIRAFEWAREF R HNERZ —,
E AR AR AS W L 50 S BT ) S B A A
P AL A (770555 ,2009) B TAM kA Y6E
g A3 ZHH , — B AR XEAR B, DALk, XU
VAR AR A TS 2 BT SR A 3 AR YA A HLm)
AR (T 7555 ,2010;5 Natale et al. ,2012)

L& Je 2% Solanum carolinense L. J& i Bl So-
lanaceae JhJ& Solanum , J& 22 4F A B R Y ( Ander-
son,1999) , J5 77 3¢ [E 7 ma F B AR M | ) R 0 2
M BB BN AN 5 5 30 N A5 M X, 2T, b e
il ) e e e A YW NSE Bl N L7 I R
FEPN S AEIN Y 36 A E Z AN X ( Bassett & Mu-
nro, 1986 ; Nichols et al.,1992; Wise,2007; Wise &
Sacchi, 1996 ) (181 1), Jb3E M Jg 58 A AR € A8 J5 W
Dy 3L 3 WAL R T AR AR T L AR S T, XY
AR A 7 R AR ) 2RI OR AP R R R BB, A

A TR AT i AR AR P 0807 35% ~ 60% ( Beeler et
al. ,2004; Frank,1990; Halpern et al.,2014) , Jt3EH]
e AN | B E A 3 B A B
(Bassett & Munro,1986) , Jt3EHI 2% HA M 5% 1) %
BERE D], BFRRERAE R P2 A 1500 ~ 7200 KL, F 0]
BERT K3 s 2838 T L AF SR AT AR AT
R EFHY B 2 (K455, 2014; Cipollini &
Levey, 1997; Miyazaki, 2008; Miyazaki & Ito, 2004;
Urakawa & Koide,2004a ,2004b) . Fi T4 1 2] Hr #b
DX i , FUARHI R4 (PRBIII TT 35 10 4F) REBR K i 42
FEEFLRE 7T (Onen et al.,2006) , w22, db3EH| g%
JE M IEAE AR B SE B FE RS VA R, OB
VFZ EZR Y 8 s B R A A
AR, LSe35 AR B O 22 9 il & ik
s 0 e 25 B LT 2006 A7 W VLB &k
VU5 AHARAE £ 0 T AR X 2R R B R M T 96 5
S Hh X R I (BRARSE 20085 2R A 45, 2006) [
i, 63600 e 28 0 b 3B TR A B L B B2 5 S iR A AR
AR, TR, 2 ) 7 B 300 M ) 8 4 i, L 1
HARAM, i & ARFREA 2D B SE

-

* BHI46 A Known occurrence point
[ FEr=#u43 45X Native region

J— -

EAREZXK Invaded country with known occurrence points
T4 75 S 45 BB EX Invaded country without occurrence point

B1 xR EEESKNSHE

Fig.1  Geographic distribution of S. carolinense across the world
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H ( Bassett & Munro, 1986; Follak & Strauss,2010;
Imaizumi et al.,2006) , %I F#H GBIF %47
R AT MR B SR  H A0 s A B R
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earth ¢ F- 220 1A B PR AR AR | [A] A X O 200 2 s P A
P BRI AT AN S A AE 5 fi i A 20 A1 i B A A
FEAift D3 AR DX T A 25 3 B sl A8 g it o il
Ak,
1.2 2T HHRZ=HEMMES>HIEE

AR 25 B 28 0 A I 8] G T b 56 il e 25 53
A AR RIS 23 B2 R T4 i L SE T 7 vk o
BT HAEAN ] 23 (8] RO B (4= BRA 32 0 A [ 5¢ H
A By oA, LA s [l 30 A A ey | e 24 i
Br =oAL AR BHLH
1.3 FEARERNEERRZSW

I AT 5 AR B 52 Jo i M B ARG 20 A 5
Ja) R AT W HESE A IR R E AR R (hitp: /
search.aqsiq.gov.cn/was/search ) Gt 111t 38 | g 28 4%
AT W S A FNIRAR X By #5717 b 56 0 g 2 b 1
B3 152 Dy 452 VT ek o e 3R = Y 40
A BUIR
1.4 SERESMEIRBTESEX BT

PREA S o A N\ T ] %) 3 2 DR ) o 0
TRy P it A R S (J7 5 1 4F, 20105 Na-
tale et al.,2012; Wang & Wang,2006) . HHJ, % H
1t 25 A #E ALA BIOCLIM . BIOMAPPER | DIVA |
DOMAIN/ . J™ LA NS Y ( generalized additive mod-
el, GAM) .GARP J7 L& PEAZ A ( generalized linear
model, GLM) \%ﬁﬁ*ﬁﬂ( Maxent) Hrp , Maxent
A SRR AP b 3 A XI5 vb i ek )
1z HAERA P75 (Elith, 2014 Peterson et al. ,2011) .
TR ) AR D B8R R AT A AR £ IR X AR R A A
HH DB, BRIV FH P Ao ) 8 80 2 A K508k R 20 A1 L B 36
SRR W R 0 A 255 5K, I S50y o ) TS A O
A7, B 2 B AU AT P 5 5 30 b 3 s ] T
TG W) 43 A M DX ) B0 M ] (Peterson et al.
2011; Phillips et al. ,2006) , ASHF5YF3EF OB >R
H Maxent 3.3.3 W (http: //Www.cs.princeton.edu/~
schapire/maxent/ ) T I 4t 36 3] g 2% 7 v [ 1Y 3 A=
X, FEHESER 1 WORLDCLIM A8 45 | A0 45
P IR FEFREE 20 N ER8E K F (hitp ; / www. world-
clim.org) , 25 (8] 3E %N 5 min,

VI3 1) 4 A S ) A T A A | B |
7 b P A R A A i G A A AR T 4 e g S
PRAEZS AL, A8 I A ok — Ba i e R I, TR 43 Ak W

FTEAAR ML 212 B i AR 2 (B A S R RS I A
JE e PG ( L5 FT I, 20105 Peterson et al.
2011 Petitpierre et al. ,2012) , Ft, ASHF5E K 5
7 b A RS ) e A A S AR TR T b 56 SR e %5 A
A BRI v ] 3 A XA

VeSS 3 e 5% 43 A AH 5 10 24 58 K AU
HiE B WA BE A AL, TIYIE (jackknife ) 5347 2
BTz I ) W7 g — 4> PR 5% 3900 48 2R 1 52 il
UL AR A G5 B0 POl R G A i — B
Bt A A 948 AT @R T, 4K 5
G BT S A TC R Iz B 45 SR 1 52 e LA IR 5 1 )
o34 B9 8 [ 2 (Peterson et al. ,2003) , A5
K Maxent 84 F 7 1Y jackknife 727 HE £ L FF
it BARBHEAT  AESBOE e ik T Uk
XA , 38 A T R X TR A TR RS B Y
AR - 2 A3 509% S Al AR B I 2k
B (training data) |, 4% F [ 50% F 45 784 (1) 46 56
(AMEAG B0 B4 | extrinsic test data) .

K AZ A #F TAEFRE fh £8 (receiver operating
characteristic curve, ROC) PEAl I A i 15 i) R 55 =
BRI G3A 8508 4l 1 B A AL AL 56 i e 25 A 4 AR
SOHERYE ST AT . ROC MIZE T B IR (area
under curve, AUC) AR /INE Sy #5750 00 ofE iy i 144
M EFRbR . AUCEAL T 0.5~0.6 KI,0.6~0.7
7.0.7~0.8 —f,0.8~0.9 E4f,0.9~1.0 5.
AUC {H BB 1, U B 5 B AL 73 A1 AR B O | R E5E
705tk 55 TN ) A by B 3 A 22 ) FAH DG R A A
PSS R R ( £is 425 ,2007) o

L 3 S A e DL AR B85 3 v [ ) 5
Az DX A b A e KRG 25 25 1, A e 2 0 3
Breb, ©H 43 A0 Bcal 49 F TR R 4B, HoAth 2
BOR A BRANE, 20 B 45 B L) Cumulative #% 2
ASCII B SO 1 o K 000 21 i ) A% SC A7
ArcGIS 9.3 AT H /2, Hi IR ALz R E
T4 5B B /ME ( minimum training presence ) 7|
i A X ATEETE A DX A LA 43 23 ( geometrical
interval ) 43 A= DX Y PO AR AR 100 Ay o R 0 60 38 TR 4L
EREOR R S CN DE DR TAZ I B iiRa o - DR oy =< E 2
8 E RSO R P A A DRI P
2 BREHH
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Fig.2

Temporal dynamics of the worldwide occurrences of S. carolinense
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Fig.3  Geographic distribution pattern of S. carolinense in Japan



+ 110 - Wi Journal of Biosafety

5505 %

22 IkEHEEEBREMNSH ENRERSRE
H i, 3 E A0 L0 e 25 R 2 e diiLE &
T RN T 58 N AR O A A A 8 AR A
AW H REE B (2013 4F 11 H—2015 4 8 A)
BRI 2 AR KR RO N, B E 2015 4
150 -
135 1
120 4
105 4
90 4
7S 1
60
45 -
30

IS Interception number

15+

8 H Bi#Ek 115 (K 4) , HP 99.6% 5 Tk 11
A Th A AIZAE D R, WACZ RS )P B
w5 I ZRIEM | H RS WL T I 1 R 3 [ i
H KT R N TRk Tz b+

;

y =2E_40e0.1899x 'I

R*=0.8139 /
'

0

7
2013-09 2013-12 2014-03 2014-06

—
2014-09

— — T— T T 1
2014-12 2015-03 2015-06 2015-09

BE (E-H) Time (year-month)
B4 FEHEEYRZEEIRIERZEFRRESEIT(2013.11—2015.8)

Fig.4 Monthly cumulative number of S. carolinense intercepted from imported plant materials
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RS AR AR SRR A A X, H e 4
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v BEAE FH o TN LS AR X
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SRR R U BN IS T 2 1 3 i AT KB Y
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